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Bimetallic Mo-W carbide (MoWC)
TPR*-carburization, 600oC
 Simple and scalable method
 Low surface area
15% CH4 balanced H2











Mo2C 7 15.1 7.5 ± 0.2 2.1 ± 0.1
MoWC 9 14.5 22.1 ± 0.2 1.1 ± 0.1
WC-700 6 10.1 5.7 ± 0.1 1.5 ± 0.2
WC-600 6 28.0 3.4 ± 0.1 -[b]
Mo2C+WC 7 11.2 4.7 ± 0.2 0.4 ± 0.1
Surface area, crystalline sizes, and H2-activating sites of carbide samples
Density of H-sites of carbide samples determined via 
H2-chemisorption
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Ammonia temperature-programmed desorption 
(TPD-NH3) profiles of carbide samples
5






Mo 3d and W 4f XPS spectra of MoWC carbide











W 4f of activated and passivated W-based carbides C 1s spectra of MoWC, Mo2C, and WC-700 samples
8
Conversion of guaiacol:P= 400 psig; WHSV = 1.8 h-1; TOS= 2-4h. 
(Solid line: guaiacol conversion; dash line: benzene selectivity)
HDO Tests of Guaiacol over Carbides
















[kJ mol-1]Phenol Benzene Toluene Cyclohexene Cyclohexane
Mo2C 78 15.1 22.1 - 59.1 2.2 85.6 11.3 (77.4) 22
MoWC 93 7.8 70.0 6.4 - 15.8 90.7 13.5 (90.1) 16
WC-700 27 69.0 - - 31.0 - 84.0 3.9 (25.2) 22
Mo2C+WC 39 50.4 18.0 - 25.5 6.1 95.6 5.6 (37.7) 21
Catalyst activity of carbides on HDO of guaiacol
(350oC, p=400 psig, WHSV=1.8 h-1, TOS= 2-4h)
10
Product yield (%) at 350oC over carbide catalysts and comercial sulfided catalyst
(P= 400 psig; WHSV = 1.8 h-1; TOS= 2-4h)
Tran, C.C., Stankovikj, F., Garcia-Perez, M. and Kaliaguine, S., 2017. Catalysis Communications, 101, pp.71-76.
Tran, C.C., Han, Y., Garcia-Perez, M. and Kaliaguine, S., Catalysis Science & Technology, 2019, 9, 1387 - 1397.
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HDO stability of MoWC catalysts 
(8 h on stream at 350oC)
XRD patterns of MoWC carbide 




Product selectivity of Mo2C and MoWC at similar 
conversions (48% and 50%, respectively)
T=350oC, P=400 psig





Tran, C.C., Han, Y., Garcia-Perez, M. and Kaliaguine, S., Catalysis Science & Technology, 2019, 9, 1387 - 1397.
Computational Procedure
Density Functional Theory 
Periodic DFT, vdW-DF exchange correlation functional as implemented in VASP 
(3×3×1) k-grid 
Catalyst model 
8-layered C/Mo terminated (100) surface of orthorhombic Mo2C with 15 Å 
vacuum layer
Transition state search
Initial guess from Nudged Elastic Band method (4-6 images); 





• At low C chemical potentials  (CH4/H2 = 0.15; 600 °C)   Mo-Mo2C surface stable* 
• W2C adsorbs stronger on C-Mo2C to form mixed carbide (C- MoWC)
• Strong adsorbate adsorption on C-MoWC surface Mixed carbide enhances adsorbate binding energy
• Higher O binding energy on MoWC Enhanced Oxophillicity of W in presence of Mo
C-MoWC (100)Mo-Mo2C (100)
DFT Studies: Modelling the Mo2C and mixed carbide surface (MoWC)








W2C -5.94 -6.85 - -
O -3.6 -4.2 -3.2 -4.8 (on W)
Phenol -2.26 -0.75 - -2.45
Benzene -2.19 ~0 - -2.27
Guaiacol -2.45 -1.17 - -2.57
*Wang et al. Applied Catalysis A. 2014, 478,146
DFT Studies :Reaction Mechanism/Product Distribution
• Mo2C: Competitive pathways for HYD and DDO pathway both Benzene and Cyclohexene formation likely. 
• Mo2C: Weak Phenol binding  Phenol formation likely. 
• MoWC: DDO pathway kinetically favoured over HYD Strong Benzene selectivity. 




Benzene (%) 35 64
Cyclohexene (%) 30 10
Phenol (%) 30 10
*@similar conversions of 68 and 72%; 




























The bimetallic MoW carbide
• Allows electronic interaction between the two cations as established 
by XPS and DFT calculations
• Shows exceptional catalytic properties in HDO of guaiacol
• Favors DDO over HYD
• Works under low H2 pressure
• Shows some stability under reaction conditions
